The carbon source markedly influenced the qualitative and quantitative composition of cellular hydrocarbons in Cladosporium resinae. Total lipid and hydrocarbon content was greater in cells grown on n-alkanes than in cells grown on glucose or glutamic acid. Glucose-grown cells contained a spectrum of aliphatic hydrocarbons from C7 to C36; pristane and n-hexadecane comprised 98% of the total. Cells grown on glutamic acid contained C7 to C2, hydrocarbons; n-tridecane, n-tetradecane, n-hexadecane, and pristane made up 74% of the total. n-Decane-grown cells yielded C8 to C3, compounds, and n-hexadecane (96%) was the major hydrocarbon. Cells grown on individual n-alkanes from C1 to C1, all contained C11 to C,. hydrocarbons, and cells grown on n-hexadecane contained C,, to C32 hydrocarbons. In n-undecane-grown cells, n-hexadecane and pristane made up 92% of the total, but in cells grown on C12 to C16 n-alkanes the major cellular hydrocarbon was the one on which the cells were grown. This suggests that cells cultured on n-alkanes of C12 or longer accumulate n-alkanes prior to oxidizing them.
pristane made up 92% of the total, but in cells grown on C12 to C16 n-alkanes the major cellular hydrocarbon was the one on which the cells were grown. This suggests that cells cultured on n-alkanes of C12 or longer accumulate n-alkanes prior to oxidizing them.
Cellular hydrocarbons of fungi generally comprise less than 1% of total cell lipid (5) . Cells cultured on carbohydrates contain a spectrum of hydrocarbons with those of chain length C18-22 and C27.31 predominating (9) . Despite reports of hydrocarbon oxidation in over 70 genera of microorganisms, there are no reports of cellular hydrocarbons for hydrocarbon-utilizing microorganisms. Cladosporium resinae is part of the normal soil microflora and it is prominent in soil and water ecological niches which have been enriched in hydrocarbons. It is a common contaminant of kerosene aviation fuel systems. The biology of the organism and some applied aspects of its growth in hydrocarbon fuel systems were reviewed by Parbery (6) . Therefore, we examined the cellular hydrocarbons of C. resinae cultured on alkanes, glucose, and glutamic acid.
MATERIALS AND METHODS Growth conditions. Cladosporium resinae ATCC 22711 was maintained and starter cultures for fermentors were prepared as described previously (4 Washed cells were suspended in CHCl,-CH,OH (2:1 vol/vol) which had been adjusted to pH 3 with HCl. The suspension was stirred for 8 h, the cells were removed by filtration, and the extraction was repeated twice. Preliminary experiments indicated that acidified solvents removed more hydrocarbon than neutral solvents. Similar results were reported for bacterial hydrocarbons by Albro and Dittmer (1), who suggested that neutral solvents fail to remove hydrocarbons associated with phospholipids. The combined extracts were washed with 1% aqueous NaCl and evaporated to dryness at 35 C with a rotary evaporator. The residue was dissolved in 1 ml of CHCU, and a sample was removed, added to a tared planchet, and dried to constant weight at 100 C.
The remaining lipid material was applied to a silica gel column (1 mm by 20 cm). Aliphatic hydrocarbons were eluted with five column volumes of hexane, and the remaining lipids were eluted with five column volumes of methanol. The hexane eluate was concentrated to 1 ml and a sample was removed and added to a tared planchet for dry weight determination.
Another sample was applied to a silica gel thin-layer chromatography plate. In addition, a known fatty acid (lauric acid), fatty acid methyl ester (methyl laurate), triglyceride (tristearin), phospholipid (phosphatidylcholine or phosphatidylethanolamine), and hydrocarbon (hexadecane) were applied to the plate and it was developed with hexane. Compounds were detected by exposing the plates to iodine vapors. Components other than hydrocarbons were not detected, indicating that the hexane eluate was "clean."
Gas chromatography. Most chromatograms were obtained on a Hewlett-Packard model 5750 gas chromatograph equipped with a dual flame ionization detector. Two types of glass columns were used: a column (2 mm by 1.8 m) packed with 10% SE-30 on 60/80 mesh Chromosorb W and a column (2 mm by 2.4 m) packed with 10% EGSS-X on 100/120 mesh Gas Chrom P. Nitrogen was the carrier gas at a flow rate of 50 cm3/min. Temperature was programmed from 100 to 280 C at 6 C/min, and additional runs were made isothermally at several temperatures between 100 and 280 C for separation on SE-30. The same procedure was followed for EGSS-X with a temperature minimum and maximum of 90 and 200 C, respectively. Temperatures of the injection port and the detector were 360 C. Several of the analyses were repeated utilizing a series 1800 Varian Aerograph gas chromatograph equipped with a dual flame ionization detector. Two stainless steel columns were used: a column (2 mm by 2.4 m) packed with 2% OV-17 on 80/100 mesh Gas Chrom Q and a column ( a Calculated as percentage of total peak area obtained from an SE-30 tracing with programming from 100 to 280 C at 6 C/min. bNormal (n) and branched (br) hydrocarbons-number of carbons. c Less than 0.1% of total peak area was considered a trace. d Carbon preference index.
-F- A typical GLC tracing is shown in Fig. 1 . Qualitative and quantitative data are summarized in Table 2 . Most fungi cultured on carbohydrates contain two predominant groups of hydrocarbons, C18-22 and C27,3 (9) . C. resinae cultured on glucose contained two predominant hydrocarbons that comprised about 98% of the total. In glutamic acid-grown cells, four hydrocarbons comprised 74% of the total, and hydrocarbons longer than C22 were not detected.
Cells cultured on hydrocarbons all contained n-alkanes with chain lengths from C1, through C28, except for n-hexadecane-grown cells which lacked n-20 and n-22. Short-chain hydrocarbons were absent from cells cultured on undecane through hexadecane. Glucose-grown cells had a higher percentage of branched hydrocarbons than glutamategrown cells. Moreover, glucose-grown cells had a higher percentage of odd-chain hydrocarbons than glutamate-grown cells. Cells cultured on odd-chain alkanes had between 48 and 93% odd-chain hydrocarbons, suggesting that cellular hydrocarbons may be synthesized from the odd-chain growth substrate. Stransky, Streibl, and Herout (7) suggested that the carbon preference index (ratio of the number of odd-C to even-C hydrocarbons) approaches unity for lower plants. Our results from cells cultured on a number of substrates (Table 2 ) support this conclusion. Cells grown on n-undecane showed little correlation between growth substrate and cellular hydrocarbon. In n-dodecane through n-hexadecane-grown cells the major cellular hydrocarbon was the one on which the cells were cultured. This suggests that cells cultured on n-dodecane through n-hexadecane may incorporate growth hydrocarbons "directly, whereas those cultured on n-decane and n-undecane do not.
When a microorganism utilizes a hydrocarbon, the hydrocarbon or an early oxidative intermediate is transported into the cell. Despite the number of reports on hydrocarbon penetration and localization, the mechanism of hydrocarbon transport is unknown and the nature of cellular hydrocarbons of cells cultured on hydrocarbons has not been investigated. To our knowledge, this is the first report of the cellular hydrocarbons of cells cultured on hydrocarbons. Our results support the view that C12-18 n-alkanes are transported directly into the cell rather than being oxidized outside the cell or at the cell surface. R. S. Kennedy and W. R. Finnerty (Abstr. Annu. Meet. Amer. Soc. Microbiol., p. 4, 1972) demonstrated accumulation of n-alkane growth substrate in the bacterium Micrococcus cerificans.
C. resinae uses constitutive enzyme systems to oxidize n-alkanes to the corresponding primary alcohol, aldehyde, and monoic acid (8; J. D. Walker and J. J. Cooney, Can. J. Microbiol., in press). There is little correlation between n-alkane growth substrate and cellular fatty acids, indicating that the fatty acids are metabolized via ,-oxidation (4). The present work is consistent with the conclusion that the initial oxidation occurs inside the cell and that acids which accumulate in the medium during growth on n-alkanes (3) are not derived directly from the alkane. C. Siporin in our laboratory has recently established that the chain length of extracellular fatty acids does not correspond to the chain length of the n-alkane growth substrate. However, it is possible that some or all hydrocarbons are incorporated directly into cellular structures without being oxidized.
